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ABSTRACT

Salinity toxicity normally results when certain ions are taken up with the soil- water and
accumulate in the leaves during water transpiration to an extent that result in damage to the
plant. The degree of damage depends upon time, concentration, crop sensitivity and crop water
used, and if damage is severe enough, crop yield is reduced. The usual toxic ions in irrigation
water are chloride, sodium and boron. Damage can be caused by each, individually or in
combination. In India growth responses of Dalbergia sissoo and Acacia nilotica seedlings on
different levels of soil sodicity and salinity. The growth and dry weight of one-year old seedlings
decreased as the level of sodicity and salinity increased in both species. However, the
suppression in growth caused by sodicity and salinity was relatively greater in D. sissoo than in
A. nilotica. A. nilotica showed wider response breadth compared with D. sissoo on both the
gradients. Further, the response breadths were comparatively higher under sodicity levels than
under salinity levels. Dalbergia sissoo in its natural and man-influenced ecosystem was being
adversely affected by various abiotic stresses. Studies undertaken on the physio-chemical
characteristics of soil under dead and healthy trees of Dalbergia sissoo and to correlate soil
factors with the decline of shisham in semi-arid regions revealed that the pH, ECe, bulk density
and calcium carbonate was found higher in soil under dead trees as compared to healthy trees.
The value increased with increase in soil depth. The organic carbon and macro-nutrient (i.e. N,
P, K, Ca, Mg and S) and micro-nutrients (Zn, Fe, Cu, and Mn) were higher under healthy trees
as compared to dead trees and their concentrations decreased with increase in soil depth both in
case of healthy as well as dead trees of Dalbergia sissoo.
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INTRODUCTION
For the past hundreds of year’s trees like
Dalbergia sissoo (shisham), Acacia nilotica
(Kikar), Prosopis cinneraria (Khejri) etc. have
inhabited vast areas in the plains of
Afghanistan, Pakistan, India, Nepal and

Myanmar. These have also been widely used
for afforestation in many parts of the country
except in the very hot, cold and wet tracts.
These have good atmospheric N, fixing
ability, therefore, are extensively planted in
social and agro-forestry programmes.
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However, the past few decades have seen a
strange phenomenon of tree mortality in the
northern part of the Indian sub-continent
comprising of Uttar Pradesh, Haryana, Punjab,
Rajasthan, parts of Himachal Pradesh and even
adjoining Pakistan, Nepal and Myanmar.
Changing environmental conditions including
rising temperature, poor soil health,
hydrological imbalance are believed to have
led to increasing incidence of pest diseases and
abiotic stresses. Plantations of Dalbergia
sissoo and Acacia nilotica are the most
adversely affected by this mortality
scenario™®. Kaushik® opined that disease
problems in natural forests remain under
control due to genetic diversities and presence
of biological antagonists. However, at the
sites raised outside the forest areas (on farm
lands, along road, railways, rivers, canals and
panchayat lands) the trees are also exposed to
varied type of biotic and abiotic stress factors
which ultimately lead to increasing incidence
of mortality. As the geographical domains of
the problems of tree mortality are wide spread,
it is unlikely that the causes, both biotic as
well as abiotic, are the same everywhere and
their remedies should be looked in a location
specific context.

2. Plant responses of trees under salinity

2.1 The phenomena of tree mortality
Premature death of trees due to one reason or
the other should not be considered to be
surprising and rare phenomena in nature. The
indo-gangetic plain with its expanse ranging
from Burma in the east to Afghanistan in the
west has been the natural habitat to a number
of trees since times immemorial.  These
include Acacia nilotica, Dalbergia sissoo,
Prosopis cinneraria, Azadirachta indica,
Casurina etc. More recent introductions like
Eucalyptus, Prosopis juliflora etc. have also
naturalized with the land scape. However, in
the present day changing climate scenario the
past few decades have seen a strange
phenomena of ‘tree mortality’ in the northern
past of the Indian sub-continent comprising of
the states of Punjab, Haryana, Rajasthan,
Uttar-Pradesh and even adjoining Pakistan,
Nepal and Myanmar.
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This is perceived by the contemporary
foresters as a distinct ‘tree mortality’
phenomenon. Alarmed by its severity specific
national and international level symposia on
‘tree mortality” have been held in the year
2000 at Kathmandu' and in 2007 at Hisar®.
As the geographic domains this problem of
tree mortality are very wide spread it is,
therefore, unlikely that the causes of this
phenomenon are the same everywhere. It
would be prudent, therefore, that the problem
and its remedies should also be looked in a
location specific context.

The gravity of the situation can be
realized from wvarious mortality reports.
Shisham mortality in Uttar-Pradesh was 60 %
in Hasanpur and Baghalkand Bhankatwa®®, 12
% in Piplee Block”, 20 to 30 % in Ganganagar
Patian Tarai®. Again in Bihar Dayaram et
al.”®, reported that shisham mortality was 80 %
in Areia, 78 % in Kaither, 35 % in Darbhanga,
41 % in Khageria. Likewise Parandiyal
reported 3-90 % shisham mortality in Tarai
central, 20 to 67 % in Tarai west, 15-22 % in
Hardwar and 5-10 % in Dehradun in
Uttaranchal state.

Haryana State Forest Department has
reported large scale mortality of shisham and
kikar in different years: 1.26,000, trees in
1997-1998, 2, 01,000 trees in 1998-99 and 2,
64,000 trees in 1999-2000".

During mortality various types of
symptoms have been reported in the literature.
Singh et al.>, reported that the trees do not
show any symptoms during initial stages later
on exhibit gradual yellowing of leaves and fall
prematurely leaving the branches bare. The
leafless branches in the crown give a stag head
appearance. At later stages, the fruiting bodies
of the pathogen appear in lower portion of the
stem or on the roots.

On the other hand Kaushik et al.”®,
described disease symptoms in naturally
wilting trees. Green trees showed sudden
wilting tendency with complete leaf dropping
and drying from top of tree. After 15-20 days
dried leaves fell from the branches. The
branches started drying from the top and the
entire plant dried within 3 months. Sometimes
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after leaf fall, new small leaves and some new
shoots emerged. However, after 3-4 months
wilting reappeared. In some cases, the green
leaves turned yellow and branches dried
slowly from top to bottom and showed
complete drying in 9-12 months. Sometimes
partial wilting occurred and the healthy plant
remain alive for a longer period. It took
normally 2-3 year for complete plant death.
Sharma et al. *, enlisted visual symptoms of
different agro forestry species under salinity
stress. At salinity level 3.5 dS/m D. sissoo and
D. latifolia showed leaf chlorosis along with
stunted root growth and in Gmelina arborea
severe leaf necrosis along with stunted root
growth was observed. At salinity level 6.5
dS/m, complete destruction of shoot and root
system occurred in D. sissoo, D. latifolia and
G. arborea, while other tree species, Acacia
nilotica, Azadirachta indica, Leucaena
leucocephala, Prosopis cinerea and Prosopis
juliflora showed normal growth with reduction
in number of leaves, shoot and root length.

2.2 Biotic factors and tree mortality
According to Kaushik® the major biotic
factors that cause tree mortality include fungi,
bacteria, viruses, mycoplasma, nematodes and
phanerogamic parasites. Amongst these
maximum obvious damage is caused by the
fungal pathogens and therefore these have
been studied in detail. Root rots (Ganoderma
lucidum, Botryodiplodia theobromae,
Rosellinia necatrix) and wilt (Fusarium spp.)
are the important diseases prevalent in social
and agro forestry plantations in northwestern
part of the country.

Sharma et al. *observed that
Dalbergia sissoo mortality in natural forests,
plantations, roadsides and agricultural fields in
India was caused by diseases (Fusarium wilt
disease, root rot caused by Ganoderma
lucidum, root rot caused by Phellinus gilvus
and root rot caused by Meloidogyne javonica).
Insect species like Plecoptera reflexa and
Dichomeris eridantis also damaged D. sissoo.
More detailed description of the fungi and
insect pests, that cause tree mortality is very
exhaustive topic and beyond the scope of this
review.
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2.3 Abiotic factors and tree mortality
Sharma et al.>*, who considered biotic factors
for tree mortality also emphasized that the
non-biotic  component of any given
environment, particularly the edaphic factors,
should also be taken in to consideration.

Bakshi et al.®, reported that in Karnal
Forest Division (Haryana) 110 ha of sissoo
plantation were raised in 1952-1960 and
irrigated up to 1963. The irrigation was done
by shallow channels which led to the
formation of superficial root system. In nine
out of eleven coupes the irrigation was stopped
after 1963. Mortality started after three years
in all the nine coupes where the irrigation was
stopped as the superficial root system was
unable to draw water from lower soil depths.
Nautiyal*® noted that the common experience
was that sissoo thrives well on loose sandy
soils due to proper soil aeration and good
drainage, but suffers adversely in stiff and
clayey soils. Soils with heavy texture and
prolonged water logged condition cause
asphyxiation of the roots, killing of tender
roots and colonization of the dead roots by
fungi.

Although, the mean temperature in last
100 years has increased by less than 1°C which
is not very high but definitely the untimely
fluctuations in  maximum and minimum
temperatures may be the cause of metabolic
disturbances which could untimely lead to the
death of the trees. This view is supported by
many workers as in recent years not only
shisham but kikar is also dying at a fast speed
specially in drier parts of the country. It may
be linked with the temperature extremes
noticed generally in recent years specially in
plain areas™®.
2.4 Salinity and vegetative growth
According to Garg and Gupta®™.  the
retardation of vegetative growth is the most
common effect of salinity. As salt
concentration increases there is a progressive
decrease in the growth rate as well as overall
size of most of the plant species. In plants
where the harvestable yield is composed of
vegetative parts such as the forage crops, or in
plants such as maize where yield is strongly
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linked with vegetative dry matter production,
yields are generally reduced in proportion to
the decrease in plant size’. In case of wheat,
barley and pearl millet tillering is drastically
reduced. Under condition of severe salinity
these tillers may die before they are able to
grow and bear ears and only main shoot
produces grains. The reduction in leaf area by
increasing salinity is a common feature which
affects plant productivity by reducing the rates
of total photosynthesis by the crop canopy
(McCree 1986).

Sharma et al.>*, observed that the order
of performance of certain trees under saline
conditions was: Azadirachta indica, Dalbergia
latifolia, Prosopis cineraria, Prosopis
juliflora. The maximum number of leaves and
root length was observed in Prosopis juliflora
whereas Leucaena leucocephala registered
maximum shoot length. Dalbergia latifolia
registered minimum number of leaves and
shoot length whereas Gmelina arborea
registered minimum root length. The reduction
in the number of leaves/plant and shoot and
root length under 2.5, 3.5 and 6.5 dS/m salinity
levels as compared to control condition was
19.01, 47.17 and 63.66 per cent, 27.37, 52.15
and 70.71 per cent and 18.65, 42.43 and 62.86
per cent respectively.

We shall now enlist few examples of
the retarding effects of salinity on tree growth.
Ashraf et al.?, conducted a study to evaluate
the performance of some local and exotic
trees, belonging to Acacia species, in salt
affected soils of Pakistan. Five species of
Acacia, i.e., Acacia ampliceps, A. stenophylla,
A. machonochieana, A. sclerosperma, and A.
nilotica were grown in a field where salinity
ranged from 4 to 25 dS m™. After three years
of growth, A. ampliceps and A. nilotica
showed markedly higher growth as compared
with the other species examined. Although A.
ampliceps  grew  well under saline
environment, its maximum growth was
observed under low to medium salinity patches
(4-12 dS m™) showing survival percentage 80-
90 %. However, at high salinity ~ (12-16 dS
m™) the percent survival of A. ampliceps was
50 %.
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Kumari et al.*2, observed the effect of
chloride-and sulphate-dominated salinity on A.
nilotica during germination and early growth.
Salinity of both the types significantly
inhibited germination and growth in A.
nilotica. However, chloride dominated salinity
was found to be more deleterious. The
germination percent decreased to half at lowest
(4 dS m™) level of chloride dominated salinity.
At 16 dS m™, the decrease was 90%. Similarly,
growth characters such as root, shoot length,
dry weight at all the stages (i.e., 28 days and 4-
12 months) were also affected more in
chloride dominated salinity. The decrease in
plumule, radical length of seedlings at 4 dS m™
was 50-60% in chloride dominated salinity,
whereas in sulfate dominated salinity there
was slight increase in these characters at lower
level and the decrease was 50% at highest
level. At later seedling stages (4, 8 and 12
months), the effect of both the types of
salinities was less on all of the growth
characters. However the chloride dominated
salinity caused more reduction even at the
lowest level. Hence, in A. nilotica salinity of
both the types was more deleterious at
germination and early seedling stage as
compared to later grown stages.

Hussain and Alshammary?’ conducted
a 20-week-long greenhouse experiment to
determine the effect of salinity on the survival
and growth of landscape trees and soil
properties. The survival period of trees
decreased significantly with an increase in soil
salinity resulting from irrigation water salinity.
The survival period of Acacia nilotica and
Prosopis juliflora was significantly more than
Eucalyptus camaldulensis and Parkinsonia
aculeate under different water salinity levels
and soil types. The total biomass decreased
significantly with an increase in soil salinity.
Soil  salinity and sodicity increased
significantly with increasing irrigation water
salinity and sodicity. P. juliflora tolerated soil
salinity (ECe) up to 39.5 dS m™ and A. nilotica
up to 44.9 (ECe) when irrigated with water
salinity of 12.80 dS m™; P. aculeate up to
29.26 (ECe) when irrigated with water salinity
of 6.45 dS m™; and E. camaldulensis up to
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34.3 (ECe) when irrigated with water salinity
of 6.45 dS m™.

Qing et al.”®, observed that with the
increase in salinity from 6 dS m™ to 9 dS m™
height of three hybrid poplars declined. The
tree heights of Qing Shan Yang merely
declined 20%, and were less than hybrid
Zhong Hei Fang and hybrid Xiao Hei 14.

Khan et al. *°, described the effect of
salinity on growth of some forest trees at their
seedling stage. Four forest tree species i.e.
Acacia ampliceps, Acacia nilotica, Eucalyptus
camaldulensis and Azadirachta indica were
tested against 3.61, 6.0, 12 and 18 dS/m ECe
levels. Length of root, shoot and root shoot
ratio of these forest species were significantly
affected by salinity. Moreover growth
parameters of each forest tree species
decreased as salinity increased.

3. Salinity and plant water relations

It is well recognized that dissolved solutes in
the root zone generate a low osmotic potential
that lowers the soil water potential. The
general water balance of plants is thus
affected, because the shoot needs to have even
lower water potential to maintain a “downbhill”
gradient of water potential between the soil
and leaves™. Further salinity effects depend
not only on water balance but the nature and
degree of the effects also depend on climatic
conditions and may vary between plants
species and in the same species at different
periods of growth®.  Under salt-stress
conditions, decrease in the water availability to
the plant has been observed®?®*. Regulation
of tissue solute concentrations, generally
termed as osmotic adjustment has been
considered as an important mechanism by
which higher plants can adapt to increasing
soil salinity”®. However, degree of osmotic
adjustment varies within crop species,
cultivars and types of salinity**#*!. It was also
suggested that osmotic adjustment might itself
be responsible for inhibition of growth due to
diversion of energy from growth function to
osmotic adjustment and tissue reparation
mechanisms.

Salt ions in high concentration cause a
physiological non-availability of water to the
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roots of plants and adversely affect the water
balance leading to growth suppression. Many
workers observed reduction in water content
and osmotic potential in plant tissue under
salt-stress**#2°"12  The decrease in tissue
osmotic  potential is  responsible  for
maintenance of turgor pressure by plants under
stress conditions.  Stephan and Thorpe .
reported decreased water content and osmotic
potential of Brassica callus under salt stress.
Similarly, Walker and Dumbroff ® observed
decreased water content and osmotic potential
in tomato leaves. In addition, Chandler and
Thorpe™® found more negative water potential
in calli of Brassica napus grown under sodium
chloride salinity than that of sodium sulphate
salinity and more negative in salt sensitive as
compared to salt-tolerant callus.

Lowering of osmotic potential as the
water decreases has been attributed to the
accumulation of a wide range of solutes and
thus, maintaining the turgor potential of the
tissue. Weimberg® described that
accumulation of solutes in two wheat cultivars
took place only on exogenous application of
sucrose or potassium chloride or sodium
chloride.  Bernstein®® and Levner and
Poljakoff-Mayber® demonstrated the
occurrence of osmotic adjustment under salt-
stress due to either accumulation of organic
solutes or salt-ions and claimed that growth
inhibition by salinity, cannot be attributed
solely to water stress in the sense of lower
plant turgor, but process of osmotic adjustment
itself is a limiting factor for growth.

Maliwal and Sutaria®’, demonstrated
an increase in osmotic pressure of leaf cell sap
with increasing salt stress in wheat. Sharma et
al.>* found decreased relative water content,
water potential and osmotic potential of leaves
in wheat grown under saline environment,
while, decline in relative water content in the
leaves of salt stressed barley plant was
reported by Nakamura et al.**. Rodriguez et
al.®®, observed that salt-shock caused decrease
in root water potential and solute potential
with a minor change in turgor potential in root
of maize.
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Nabil and Coudret®® observed that Acacia
nilotica subjected to NaCl stress showed
decreased water potential and osmotic pressure
with salinity and concluded that lower water
potential enabled the plant to maintain the
turgor.

Mehari et al.™, compared the salt
tolerance of Acacia tortills and Acacia
nilotica.  Although the two species didn’t
differ in their sensitivity to salinity, there was
significant variance in shoot water in response
of increase NaCl salinity between the two
species.

Kumari and Toky®. observed that
reduction in growth under salinity in Acacia
nilotica was accompanied by in the decline in
relative water content, leaf water potential and
osmotic potential.

4. Effect of salinity on leaf pigments
Workers dealing with salinity effects on leaf
pigments particularly  chlorophyll, have
reported different kind of trends. Several
workers have found that salinity decreases
chlorophyll content of plants. Garg and
Garg'’, Garg and Lahiri’ observed that
salinity generally reduced chlorophyll content
in a number of crop plants such as pearl millet,
cluster bean, mung bean and Indian mustard.
On the other hand interesting data are provided
by Strognov®® who found a marked increased
in both chlorophyll ‘a’ and ‘b’ under saline
condition in a number of plants. Increased
chlorophyll content in saline habitats has been
found in tomatoes, cotton and other
glycophytes.

Similar reports in tree species are also
found in literature. Rawat and Banerjee®
found that NaCl salinity causes the decline of
protein and chlorophyll concentration in
Eucalyptus camaldulensis and Dalbergia
Sissoo plants.

Mazher et al.*® found that Dalbergia
sissoo seedling irrigated with saline water
showed a decrease in the content of
chlorophyll a, b and carotenoids as well as
growth parameters. However, application of
sulphur caused an increase in the pigment
contents and nutrients like N, P and K and
improved growth. Qing et al.*®, studied
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growth and physiological adaptability of three
poplars planted in different saline alkali soil.
The find that saline alkali soil chlorophyll
content was less affected though the annual
mean decreases slightly. Zhen et al.%, found
that when salinity concentration increased
physiological indexes, including chlorophyll
content,  photosynthetic  rate,  stomatal
conductance and the transpiration rate
increased at first and then decreased. The
range of change in order was: Rosa chinensis,
Morus alba and Rhaphiolepis umbellata. Salt-
tolerance of Rhaphiolepis umbellata was the
highest, followed by Morus alba and Rosa
chinensis.  In Acacia nilotica chlorophyll
content of leaves declined with the increase in
salinity in seedlings representing ten Indian
provenances. The decrease was more in
sulphate-dominated salinity as compared with
chloride-dominated salinity®.

5. Soil salinity and mineral nutrition
Reduced growth and development under saline
environment is due to deficiency of essential
nutrients as well as due to excess of salt ions.
Under saline conditions the salt ions
competitively reduce the uptake of nutrients
due to which the plants face the situation of
deficiency of elements which are essential for
growth and development. Typically under salt
stress, with NaCl as the predominant salt,
accumulation of Na and Cl along with reduced
uptake of K, P and NO; has been reported in
several crop plants'®. Selected reports on this
aspect in tree species are reviewed here.

Bimlendra and Datta” reported that
increase in the salt ions and decrease in
nutrient ions in leaves, stem as well as roots is
associated with salinity in Acacia nilotica.
Thus reduction was observed in content of N,
P, K and Ca but the content of Na, Mg, SO,
and CI increased under saline conditions in
leaves, stem, and root.

Giri et al.?, observed that in Acacia
nilotica salinity level in the range of 6.5 and
9.5 dS m™ increased Na concentration but
decreased K and P concentration. However,
Acacia nilotica plants associated with
arbuscular mycorrhiza, Glomus fasiculatum
showed better vegetative growth, which could
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be correlated with relatively lower Na and
increased K and higher P in the shoots. The
authors also concluded that the improved K/Na
ratios in root and shoot tissue of mycorrhizal
plants may help in protecting disruption of K-
mediated enzymatic processes under salt stress
conditions.

Michael et al.™, experimenting with
three rootstocks of Avocado trees concluded
that Cl concentration and Na: K ratio in older
leaves was a useful marker for salinity
tolerance screening in Avocado rootstocks.
The relative tolerance of various rootstocks
appeared to be primarily due to their ability to
exclude Naand Cl from the leaves.

Hardikar and Pandey®* observed that
NaCl salinity caused many fold net uptake of
Na in the shoot tissues of Acacia senegal. At
the same time N, P, K and Ca content
decreased significantly in response to salinity
K /Na ratio decreased significantly with
increase in salt stress. Microelements Zn, Cu,
Mg, and Fe were also found to decrease under
salt stress.

Populas alba plants were subjected to
low NaCl treatment (2000 mg/L) or high NaCl
(5000 mg/L) treatments. Results showed that
high treatment plants had 20 percent mortality
and about twice the level of Nain dead leaves
and branches as compared to the low salt
concentration?,

Ma et al.*®, observed that salt resistant
Populas euphratica had a higher ability to
retain lower NaCl concentration in the
cytoplasm due to sustained activity of H*
pumps as compared to the salt sensitive P.
popularis. The inability of P. popularis to
transport salt to the apoplast and vacuole was
partly due to the decreased activity of
membrane H* pumps. As a consequence,
cytosolic ion concentrations were observed to
be comparatively high for an extended period
of time, so that cell metabolism, in particular
respiration, was disrupted in P. popularis
leaves.

|42

CONCLUSION
Considered in totality it would appear that the
salinity in the soil profile has a perpetual
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retarding effect on various physiological and
biochemical parameters of Dalbergia sissoo as
well as Acacia nilotica. This alone or in
combination with other abiotic and biotic
factors may lead to a slow decline and ultimate
mortality of the trees.

REFERENCES

1. Appanah, S., Allard, G. and Amatya, S.M.,
Die-back of sissoo. Proceedings of
International Seminar. 25-28 April 2000,
Kathmandu, Nepal. (2000).

2. Ashraf, M.Y. Shirazi, M.U. Ashraf, M.
Sarwar, G. Khan, M.A., Utilization of
salt-affected soils by growing some Acacia
species. Ecophysiol of high salinity
tolerant Plant. pp 289-311 (2006).

3. Bakshi, B.K., Forest pathology-Principles
in Practice in Forestry. FRI Press. PLO.
FRI. Dehradun; India (1976).

4. Bakshi, B.K., Forest pathology-Principles
in Practice in Forestry. FRI Press. PLO.
FRI. Dehradun; India. (1976).

5. Bernstein, L., Osmotic adjustment of
plants to saline media. I. steady state. Am.
J. Bot. 48: pp 909-918 (1961).

6. Bernstein, L., Osmotic adjustment of
plants to saline media. Il. Dynamic phase.
Am. J. Bot. 50: pp 360-370 (1963).

7. Bernstein, L., Effect of salinity on mineral
composition and growth of plants. Plant
Anal. Fert. Prob. 4: pp 25-44 (1964).

8. Bernstein, L., Effects of salinity and
sodicity on plant growth. Ann. Rev.
Phytopathol. 13: pp 295-312 (1975).

9. Bimlendra, K. and Datta, K.S., Mortality
in Agroforestry trees. pp 150-155. Nandal
D.P.S. & Kaushik J.C. ed. Department of
Forestry, CCS Haryana Agricultural
University, Hisar. (2007).

10. Chandler, S.F. and Thorpe, T.A,
Characterization of growth, waterrelations
and proline accumulation in sodium
Sulphate tolerant callus of Brassica napus
L. cv. Westav (Canola). Plant Physiol. 84:
pp 106-111 (1987).

11. Chauhan, R. Garg, R. Chauhan, S. and
Saralch, H.S., Proceedings of regional
seminar on Mortality in Agroforestry

163



Dharamvir et al

12.

13.

14.

15.

16.

17.

18.

19.

20.

trees. Eds. D.P.S. Nandal & J.C. Kaushik.
CCS Haryana Agricultural University
Hisar. (2007).

Datta, K.S., Kumar, A., Varma, S.K. and
Angrish, R., Delimitation of salt tolerance
in barley on the basis of water relations
and iondistribution under chloride and
Sulphate salinity. Indian J. Plant Physiol.
38: pp 65-68 (1995).

Dayaram, K.M., Sharma, S. and
Chaturvedi, O.P., Shisham mortality in
Bihar: extent and causes. Indian
Phytopathol. 6: pp 384-387 (2003).
Declane, R., Greenway, H., Munns, R. and
Gibbs, J., lon concentration and
carbohydrate status of the elongating leaf
tissues of Hordeumvulgare growing at
high external NaCl. J. Exp. Bot. 33: pp
557-573 (1982).

F.A.O., Overview of Forest Pests India.
Forest Health and Biosecurity working
paper FBS/18E FAO, Rome. (2007).

Gale, j., Kohl, H.C. and Robert, M.H.,
Changes in the water balance
photosynthesis on onion, bean and cotton

plants under saline conditions. Plant
Physiol. 20: pp 408-420 (1967).

Garg, B.K. and Garg, O.P., Sodium
carbonate and  bicarbonate induced

changes in growth, chlorophyll, nucleic
acid and protein contents in leaves of
Pisum sativum. Photosythetica. 14: pp
594-598 (1980).

Garg, B.K. and Gupta, I.C., Saline
wastelands environment and plant growth,
Scientific Publishers, Jodhpur. (1997).
Garg, B.K. and Lahiri, A.N., Problems of
salt stress in arid zone crops. In : Proc.
Natn. Symp. Physiol. Biochem. Genetic
Aspects Crop Plants Environ. Stresses
(Eds. R. Singh, I.S. Sheoran and M.R.
Saharan) pp 63-68 H.A.U. Hisar, India.
(1986).

Giri, B. Kapoor, R. and Mukerji, K.G.,
Improved tolerance of Acacia nilotica to
salt stress by Arbuscular mycorrhiza,
elevated K/Na ratios in root and shoot
tissues. Microb Ecol. 54: pp 753-760
(2007).

Copyright © Nov.-Dec., 2018; IJPAB

Int. J. Pure App. Biosci. 6 (6): 157-166 (2018)
21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

ISSN: 2320 — 7051
Glenn, E.P. and O’leary, JM.,,
Relationship between salt accumulation
and water content of dicotyledonous
halophytes. Plant cell Environ. 7: pp 253-
261 (1984).

Greenway, H. and Munns, R., Mechanism
of salt tolerance in non halophytes. Ann.
Rev. Plant Physiol. 31: pp 149-190 (1980).
Hanson, I.E., Osmotic adjustment to water
stress in  pearl millet (Pennisetum
americanum L) in a controlled
environment. J. Expt. Bot. 33: pp 78-87
(1982).

Hardikar, S.A. and Pandey, A.N., Growth,
water status and nutrient accumulation of
seedlings of Acacia senegal (L.) wild. in
response to soil salinity. Anales de Biol.
30: pp 17-28 (2008).

Hasson-Porath, E., Kahane, 1. and
Poljakoff-Mayber, A., The effect of
chloride and Sulphate types of salinity on
growth and osmotic adaptation of pea

seedlings. Plant soil. 36: pp 449-459
(1972).
Heikel, M.M., Shaddad, M.M. and

Ahmed, A.M., Effect of water stress and
GA; on germination of flax, sesame and
onion seeds. Plant Biol. 24: pp 124-129
(1982).

Hussain, G.S., Alshammary, F., Effect of
water salinity on survival and growth of
land scape trees in Saudi Arabia. Arid
Land Research and Manage. 22: pp 320 —
333 (2008).

Imada, S., Yamanaka, N. and Tamai, S.,
Effect of salinity on the growth, Na
partitioning, and Na dynamics of salt
tolerance tree, Populas alba L. Journal of
Arid Environ. 73: pp 245-251 (2009).
Kaushik, J.C., Diseases of Agroforestry
trees and their management pp 1-10 in:
Proceedings of Regional Seminar on
Mortality in Agroforestry Trees. Eds
Nandal, D.P.S &. Kaushik, J.C. CCS
Haryana Agricultural University, Hisar.
(2007).

Khan, G.S., Khan, Z.H., Imran, J.,
Quarishi, M.U., Yagoob, S. and Khan,
S.H., Effect of salinity on germination and

164



Dharamvir et al

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

growth of some forest tree species at
seedling stage. Journal of Agric Research
Lahore. 47: pp 271-279 (2009).

Kirkham, M.B., Gardner, W.R. and
Gevloff, G.C., Internal water status of
kinetic treated salt stressed plants. Plant
Physiol. 53: pp 241-243 (1974).

Kumari, B., Babbar, S., Datta, K.S., Effect
of salinity on Acacia nilotica (L.) Wild.
during germination and early growth.
Indian For. 29: pp 39-44 (2006).

Kumari, B., Toky, O.P., Variation in
nutrient and biochemical contents among
provenances of Acacia nilotica (l.) under
salinity stress. Annals of Biol. 29: pp 1-9
(2008).

Lauchli, A., Salt exclusion: An adaptation
of legumes for crops and pasture under
saline conditions. In salinity tolerance in
plants: Strategies for Crop improvement
(eds. R.C. staples and G.H. Toenniessen).
John Wiley & Sons, New York. pp 171-188
(1984).

Levner, H.R. and Poljakoff-Mayber, A.,
Change in growth and watersoluble solutes
concentration salt. Physiol Plant. 62: pp
472-480 (1984).

Ma, X., Deng, L., Li, J., Zhou, X., Li, N,
Zhang, D., Lu, Y., Wang, R., Sun, J., Lu,
C., Zheng, X., Fritz, E., Huttermann, A.
and Chen, S., Effect of NaCl on leaf H" -
ATPase and relevance to salt tolerance in
two contrasting Poplar species. Trees. 24:
pp 597-607 (2010).

Maliwal, G.L. and Sutaria, P.M., Salt
tolerance in wheat. Indian J. Plant
Physiol. 35: pp 258-261 (1991).

Mazher, A.M., Zaghloul, SM. And
Yassen, AA., Response of Dalbergia
sissoo to sulphur application under saline
condition. Faisalabad, Pakistan. American
Eurasian of Agric and Environ. Sci. 1: pp
215-224 (2006).

McCree, K.J., Whole plant carbon balance
during osmotic adjustment to drought and
salinity stress. Aust. J. Plant Physiol. 13:
pp 33-45 (1986).

Mehari, A., Ericsson, T. and Weih, M.,
Effect of NaCl on seedling growth,

Copyright © Nov.-Dec., 2018; IJPAB

Int. J. Pure App. Biosci. 6 (6): 157-166 (2018)

41.

42.

43.

44,

45.

46.

47.

48.

49.

ISSN: 2320 — 7051
biomass production and water status of
Acacia nilotica and A. tortills. Journal of
Arid Environ. 62: pp 343-349 (2005).
Meiri, A. and Poljakoff-Mayber, A., Effect
on variations in substrate salinity on the
water balance and ionic composition of
bean leaves. Isreal J. Bot. 18: pp 99-112
(1969).

Micheal, M., Su, M. and Mary Lu, A,
Salinity- Induced changes in lon
Concentrations of ‘Hass’ Avocado Trees
on Three Rootstocks. Plant Physiol. 30:
pp 105-122 (2007).

Nabil, M. and Coudret, A., Effects of
sodium chloride on growth, tissue
elasticity and solute adjustment in two
Acacia nilotica subspecies. Physiologia
Plant. 93: pp 217-224 (1995).

Nakamura, T., Ishitani, M., Harinasut, P.,
Nomura, M., Takaba, T. and Takabe, T.,
Distribution of glycine betaine in old and
young leaf blades of salt-stressed barley
plants. Plant Cell Physiol. 37: pp 873-877
(1996).

Nandal, D.P.S. and Kaushik, J.C,,
Mortality in agroforestry trees. pp 1-158.
Department of Forestry, CCS Haryana
Agricultural University, Hisar. (2007).
Nautiyal, S., Proceedings of Regional
Seminar on Mortality in Agroforestry
Trees. Eds. D.P.S. Nandal & J.C. Kaushik.
C.C.S. Haryana Agricultural University
Hisar. (2007).

Negi, J.D.S., Danwal, R. and Chauhan,
P.S., In ecological analysis if shisham
Dalbergia sissoo (Roxb.) mortality in
Northern India. Ann. For. 11: pp 20-26
(2003).

Qing, Y.Y., Wenjie, W., Honz, Z., Xichan,
S., Xing Liang, L. and Yuan Gang, Z.,
Growth and Physiological adaptability of
three hybrid poplars planted in different
saline-alkali soil. Beijing, China. Bulletin
of Botanical Reasearch. 4: pp 433-438
(2009).

Rawat, J.S. and Banerjee, S.P., The
influence of salinity on growth, biomass
production and  photosynthesis  of
Eucalyptus camaldulensis Dehnh. and

165



Dharamvir et al

50.

51.

52.

53.

54.

55.

Dalbergia sissoo Roxb. seedlings. Plant
and Soil. 205: pp 163-169 (1998).
Rodriguez, H.G., Roberts, J.K.M., Jordan,
W.R. and Drew, M.C., Growth, water
relations, and accumulation of organic and
inorganic solutes in roots of maize
seedling during salt stress. Plant Physiol.
113: pp 881-893 (1997).

Sharma, A. and Kukadia, M.U. (2003).
Effect of salinity levels on germination,
number of leaves and shoot and root
length of different tree species. Indian J.
For. 26: pp 135-142.

Sharma, A. Kukadia, M.U. and
Upadhyaya, S.D., Effect of salinity levels
on visual symptoms of agroforestry tree
species. Indian J. For. 4: pp 75-78 (2002).
Sharma, M.K., Singal, R.M. and
Pokhriyal, T.C., Dalbergia sissoo n India.
Proceedings of International Seminar,
Kathmandu, Nepal, 25-28 April, 2000. 18:
pp 5-16 (2000).

Sharma, P.K., Varma, S.K., Datta, K.S.
and Kumar, B., Salinity effect on some
morpho-physiological water relations and
mineral composition characteristics of two
cultivars of wheat with varying salt-
resistance. Ann. Biol. 10: pp 39-50 (1994).
Singh, M.K.,, Kumar, R., Singh, R,
Identification of the soil properties
responsible for the decline of Dalbergia
Sissoo. Proceedings of Regional Seminar
on Mortality in Agroforestry Trees. pp 46-

Copyright © Nov.-Dec., 2018; IJPAB

Int. J. Pure App. Biosci. 6 (6): 157-166 (2018)

56.

57.

58.

59.

60.

61.

62.

ISSN: 2320 — 7051
48 Eds. D.P.S Nandal & J.C. Kaushik.
(2007).

Singh, S., Mortality in shisham Dalbergia
sissoo Plantation Forestry conference 16-
19 Jan. FRI Dehradun. (1980).

Stephan, F. and Thorpe, T.A,
Characterization of growth, water relation
and proline accumulation in Na,SO,
tolerant callus of Brassica napus L. Plant
Physiol. 84: pp 106-111 (1987).
Strogonov, B.P., Structure and fuction of
plant cells in saline Habitats. Wiley, New
York, IPST. 284 P. (1974).

Taiz, L. and Zeiger, E. (2010). Plant
physiology 5" Edition. pp 1-700, Sinauer
Associates, Incorporated Sunderland.
Walker, M.A. and Dumbroff, E.B., Effect
of salt stress on abscisic acid and cytokinin
level in tomato (Lycoperscion esculentum
cv. Avlanche). Z. Pflanzen Physiol. 10: pp
461-470 (1981).

Weimberg, R., Solute adjustment in leaves
of two species of wheat attwo different
stages of growth in responses to salinity.
Physiol Plant. 70: pp 381-388 (1987).
Zhen, Q.L., Youjun, H., Jian Qin, H., Guo
Hua, X. and Ning, G., Comparative study
on vegetal and physiological
characteristics of different salt-tolerant
plants under salt stress. China. J. Zhejiang
Uni. Agric. and Life Sci. 32: pp 420-427
(2006).

166



